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ABSTRACT 



A system that protects telecommunications equipment from 
AC power faults and voltage transients comprising (1) a J 
high-energy foldback device between the current-carrying 
lines of a telephone system and ground; (2) a voltage < 
clamping device between the current-carrying lines; (3) a 
foldback device between the current-carrying lines and * 
ground; (4) a first overcurrent protection device connected in 
series with the above foldback device; and (5) a second 
overcurrent protection device in the lines between the high- 
energy foldback device and the above mentioned serially 
connected foldback device and first overcurrent protection 
device. The system may be used, for example, with standard 
telephone lines, PBX out-of-building lines, special service 
lines such as carrier, pair-gain, and high speed data, and 
dedicated voice-band services such as pay phones and 
traffic-control communication lines. 

14 Claims, 2 Drawing Sheets 
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SYSTEM FOR PROTECTING 
TELECOMMUNICATIONS EQUIPMENT 
FROM TRANSIENT VOLTAGES 

FIELD OF THE INVENTION 

This invention relates to the protection of telecommuni- 
cations equipment from voltage transients. 

BACKGROUND OF THE INVENTION 

Voltage transients may be produced in electrical circuits 
by a variety of things, such as lightning, AC power line 
induction or contact, electrostatic discharge or pulses gen- 
erated by operation of electrical equipment. These phenom- 
ena can generate large currents on cables, telecommunica- 
tions equipment, aircraft, and ships. Voltage transients can 
also penetrate and damage electrical systems, causing hard- 
ware damage or loss of stored data. Thus, voltage transients 
represent a threat to electrical/electronic equipment, espe- 
cially in telecommunications equipment 

Various circuits and systems have been used for protect- 
ing telecommunications equipment from voltage transients. 
For example, circuits used with PBX out-of-building lines, 
special service lines such as carrier, pair-gain, and high 
speed data, and dedicated voice-band services such as pay 
phones and traffic-control communication lines have been 
designed to reduce damage caused by voltage transients. 
Conventional circuits utilize gas discharge tubes, transient 
voltage suppression thyristors, resistors, capacitors, 
inductors, avalanche diodes, and metal oxide varislors, to 
clamp transient voltages at prescribed potentials. These 
circuits may include a filter circuit comprising RC, RL or 
RLC circuits that are used to cutoff a prescribed range of 
frequencies. Sometimes the filtering is intentional, and 
sometimes it is not. Moreover, in order to have an effective 
filter circuit, the circuit designer must ensure that the 
resistance, capacitance and/or inductance values are main- 
tained in a prescribed ratio. However, finding and maintain- 
ing a suitable "prescribed ratio" is no small task. In addition, 
the use of capacitors and inductors in a circuit or system can 
have a negative impact in terms of performance. For 
example, the saturation tendency of an inductor reduces its 
usefulness during impulse surges, especially at higher cur- 
rents and slower rise times. Nonetheless, conventional cir- 
cuits have not considered eliminating capacitors, inductors 
and filtering from the overall design. 

In light of the foregoing, there is a need for a system that 
protects telecommunications equipment from voltage tran- 
sients as effectively as those heretofore developed, but 
which does not include capacitors, inductors and filtering. 

SUMMARY OF THE INVENTION 

The present invention is a system which substantially 
obviates one or more of the disadvantages of the conven- 
tional circuits. 

An advantage of the present invention is that it provides 
an improved system for protecting telecommunications 
equipment from voltage transients with the elimination of 
filtering. 

Another advantage of the present invention is that it 
provides a simple system that protects telecommunications 
equipment from voltage transients. 

Another advantage of the present invention is that it 
improves voltage-limiting at slower impulse rise times. 

Another advantage of the present invention is that it 
manages developed, transversal voltage transients. 
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Another advantage of the present invention is that it 
increases the overall bandwidth of a system that protects 
telecommunications equipment from voltage transients. 
• Yet another advantage of the present invention is that it 

5 overcomes the system and component failure problems 
associated with capacitors and inductors. 

Additional features and advantages of the invention will 
be set forth in the description which follows, and in part will 
be apparent from the description, or may be learned by 

10 practice of the invention. The objectives and other advan- 
tages of the invention will be realized and attained by the 
system particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

15 To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and broadly 
described, the invention includes a high-energy foldback 
device between the current-carrying lines of a telephone 
system and ground; a voltage clamping device between the 

20 current-carrying lines; a foldback device between the 
current-carrying lines and ground; a first overcurrent pro- 
tection device connected in series with the above foldback 
device; and a second overcurrent protection device in the 
lines between the high-energy foldback device and the 

25 above mentioned serially connected foldback device and 
first overcurrent protection device. 

It is understood that both the foregoing general descrip- 
tion and the following detailed description are exemplary 
and explanatory and are intended to provide further expla- 

30 nation of the invention as claimed. 

The accompanying drawings are included to provide a 
further understanding of the invention and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate two embodiments of the invention and together 

35 with the description serve to explain the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic depiction of a system for protecting 
40 telecommunications equipment from transient voltages 
arranged in accordance with one embodiment of the present 
invention. 

FIG. 2 is a schematic depiction of a system for protecting 
telecommunications equipment from transient voltages 
45 arranged in accordance with another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

50 

Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. 
An exemplary embodiment of the system of the present 

55 invention is shown schematically in FIG. 1 and is designated 
generally by reference numeral 100. The system 100 in FIG. 
1 is preferably adapted for use on the conventional current- 
carrying lines of a telephone system, the TIP and RING 
lines, and a common ground. The TIP-IN and RING-IN 

60 sources operate as the input. The TIP-OUT and RING-OUT 
sources operate as the output. However, the system 100 is 
intended to operate on any type of current-carrying lines of 
a telecommunications system regardless of designation. 
As embodied herein and referring to FIG. 1, the system 

65 100 includes a voltage clamping device 24. The voltage 
clamping device 24 is a bi-directional device that essentially 
acts as an open circuit until the voltage across it reaches a 
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breakdown voltage at which time it acts as a voltage nominal threshold voltage in response to a slowly changing 
regulating circuit with a constant voltage across it (its voltage, such as an AC power fault (approximately 60 Hz), 
breakdown voltage). A voltage clamping device may be However, if a GDT experiences a fast changing voltage, 
selected from a number of well known devices that have such as lightning, the GDT will operate at voltage much 
voltage limiting properties. For example, back-to-back 5 higher than its prescribed threshold voltage because the 
diode arrangements such as semiconductor diodes, ava- GDT cannot respond and set up its internal arc mode fast 
lanche diodes, or Zener diodes are voltage clamping devices. enough to clamp or limit that voltage. Accordingly, the 
Other examples are non-linear resistors such as zinc oxide, system 1Q0 in C i uc jes additional and often solid state corn- 
silicon carbide or other varistor materials, and a gaseous p0 nents that are faster responding but more vulnerable than 
voltage regulator. A voltage clamping device may also 10 a GDT i n that regard, the system 100 includes foldback 
include other devices, but by way of example, FIG. 1 shows devices 20 and 22. By way of example, FIG. 1 shows a 
an avalanche diode as the voltage clamping device 24. In transient voltage suppression thyristor as foldback devices 
particular, 1.5 KE avalanche TVS diode is preferred. The 20 ^ 2 2. Suitable transient voltage suppression thyristors 
breakdown voltage for such an avalanche diode depends on are manufactured by Teccor under the catalog numbers 
the telecommunications equipment and is typically set to a 15 P1500EB and P2300EB and by Texas Instruments under the 
value that exceeds the maximum system operating voltage catalog numbers TISP4180H3 and TISP4260H3. The rated 
by a suitable tolerance margin. For equipment with low 0 ff-state voltage for the foldback devices is selected at a 
powering voltages (<33 V), such as a PBX system, a 33 V value greater than me maximum system voltage. The fold- 
avalanche diode may be employed. But for equipment with back devices 20 and 22 are positioned between the TIP and 
higher powering voltages, a 250 V avalanche diode can be 20 RING ^ and ground . 

usec ^" . j* • f° addition, the system 100 further includes overcurrent 
As shown m FIG. 1, the voltage clamping device 24 is protection devices 12, 14, 16 and 18. An overcurrent pro- 
positioned between the TIP and RING lines. This allows the tection device protects the system from long lasting 
system to limit any differential (or normal-mode) voltages overcurrents, such as overcurrents caused by system failure, 
that might occur between the TIP and RING lines. Such 25 or by accidental or malicious connection with a power 
differential voltages occur when the voltage on one line is supply. Suitable devices include positive temperature coef- 
changing with respect to the voltage on the other line. These ficient (PTC) devices, especially ceramic or polymeric PTC 
differential voltages often result from the unbalanced opera- devices. A PTC device is essentially a thermal resistor whose 
tion of other voltage limiting components. The voltage resistance increases non-linearly with temperature, 
clamping device 24 is thus used to prevent damage to 30 Typically, when the current through a PTC device exceeds a 
equipment that could be caused by voltage differences certain level, the PTC device switches to a much higher 
between the TIP and RING lines. In that regard, a voltage resistance state. Thus, a PTC device functions much the 
clamping device 24 was chosen in preference to a foldback samc wa ? mal a ^ would » cxce P l that *e PTC device will 
device (defined below) in order to avoid the switching recover ^ & G fault * amoved. Hence, a PTC device is 
transients that occur during the operation of foldback 3S ^en referred to as the resettable equivalent of a fuse, 
devices. Those transients are related to the operation of all Ra y ch , em Corporation m«a^^^^m^t±t 

e in 1 j * j , , . - .u aa u registered trademark POLYSWITCH . Suitable 

foldback devices and are produced during the sudden change po g LYSWrTCHs for ^ s ^ em are ^ to^q-HS and the 

of impedance tot occurs in the system when the device XR . 250 . 120j whicb m for 250 v and under normal 

switches to its on state during an overvoltage event operaU ng conditions (low impedance) have a resistance 

The system 100 also includes a high-energy foldback 40 ranging from three to twelve ohms. It should be noted that 

device 10 and foldback devices 20 and 22. A foldback device POLYSWITCHs are only responsive to sustained currents, 

exhibits a high electrical resistance at low electrical voltages By way of example, FIG. 1 shows a PTC device for 

but whose resistance falls from a high value to a low value overcurrent protection devices 12, 14, 16 and 18. These 

when subjected to a high voltage. Typical values for high overcurrent protection devices are positioned in two types of 

and low resistance values are at least 100 kohms and less 45 locations within the system 100. 

than 10 ohms, respectively. The device remains in its low [□ the first type of location, as shown in FIG. 1, overcur- 

resistance state only for as long as a small "holding current" rent protection devices 16 and 18 are serially connected to 

is maintained through the device, otherwise it will automati- the foldback devices (not the high-energy foldback device) 

cally revert to its high resistance state. Examples of foldback between the TIP and RING lines and ground. These devices 

devices include voltage controlled triacs, voltage controlled 50 protect the system from AC power events associated with 

thyristors, gas discharge tubes (GDT), and carbon spark faults that occur when the ground potential that the system 

g aDS is bonded to changes voltage. In such instances, it is possible 

The high-energy foldback device 10 is intended to protect for tbe f °f a <* devices 20 and 22 to operate in a direction 

the system from higher energy, longer duration voltage * at w ° uld P* 55 fault currents mto the system. 

. _ , . , Thus, the overcurrent protection devices 16 and 18 are used 

transients. It may, for example, comprise a spark gap or a 55 * . ; , w^iwuy"'^^ ww ;™ " 

« nT t, *V .u L- u f i ui. i to interrupt any sort of fault current that arises from ground 

GDT T^e threshold voltage for the highnenergy foldback aQd ^ d ^ . , o J*.**, 

device 10 is typically set to a value that exceeds toe ^ w t0 protect the system from faults 

maximum system voltage by a suitable tolerance margin. By arising from ground mat arc associated with lightning, 

way of example FIG 1 shows a GDT as the high^nergy Iq thc seamd of ^ shown in p, G x 

foldback device 10. A suitable GDT is manufactured by 60 overcurren t protection devices 12 and 14 are serially con- 

Joslyn under the tradename "MimTrigard" and operates at a nected along ^ aod RING lines between the high . 

threshold voltage of 230 V. As shown in FIG. 1, the GDT is energy foldback device and the above mentioned serially 

positioned between tbe TIP and RING lines and ground. One connected foldback devices and overcurrent protection 

of the well known deficiencies of the GDT is that its devices (from the first type of location). These devices act as 

operational voltage, the voltage at which it operates or 65 the primary resettable fuses on the TIP and RING lines, 

protects equipment, is dependent on the nature of the surge Again, when the current through overcurrent protection 

that it experiences. In particular, a GDT only operates at its devices 12 and 14 increases to a predetermined threshold 
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value, the heat generated increases the resistance of the 
device to a very high level, thereby severely limiting the 
current (acting almost like an open circuit). Thus, these 
devices help to protect the system from any sort of fault 
current that arise anywhere along the TIP and RING lines. 

Furthermore, the first overcurrent protection device and 
second overcurrent protection device connected in series to 
each ground-to-line foldback device (for example, first over- 
current protection device 16 and second overcurrent protec- 
tion device 12 connected in series to foldback device 20) 
help to balance the overall operation of both foldback 
devices. More specifically, when only one of the foldback 
devices is operating, the resistance of the first overcurrent 
protection device and second overcurrent protection device 
in series with the operating foldback device lessens the 
differential voltage in the system. This differential voltage 
occurs because the operating foldback device brings its line 
side to a near ground potential while the opposite line side 
still experiences a rising overvoltage. Such a scenario is 
known to drive what is called a "circulating current" and can 
keep the unoperated side from ever operating at all. This can 
be damaging because the circulating current is driven 
through either the equipment or the voltage clamping device 
24, which itself can be damaged by such an event. 

Finally, the placement of the first overcurrent protection 
device and second overcurrent protection in the line-to- 
ground path of each foldback device helps to mitigate the 
switching transients associated with the use of foldback 
devices, as mentioned above. 

Another exemplary embodiment of the system of the 
present invention is schematically shown in FTG. 2 and is 
also designated generally by reference numeral 100. Again, 
the system 100 in FIG. 2 is preferably adapted for use on the 
conventional current-carrying lines of a telephone system, 
the TIP and RING lines, and a common ground. The 
difference between FIG. 1 and FIG. 2 occurs in the lines 
between the HP and RING lines and ground where the 
overcurrent protection device is serially connected to the 
foldback devices. In particular, FIG. 2 differs from FIG. 1 in 
the manner that the devices are serially connected as well as 
in the actual number of devices. As shown in FIG. 2, 
overcurrent protection device 16 and foldback devices 18, 
20 and 22 are serially connected in the lines between the TIP 
and RING lines and ground. These foldback devices and 
overcurrent protection device serve the same functions as 
their counterparts in FIG. 1. However, the embodiment in 
FIG. 1 is more effective in dealing with "circulating cur- 
rents" than the embodiment shown in FIG. 2. By way of 
example, FIG. 2 shows a PTC device for overcurrent pro- 
tection device 16 and a transient voltage suppression thy- 
ristor for foldback devices 18, 20 and 22. Again, a suitable 
PTC device is Raychem's POLYSWITCH TR-250-145. And 
suitable transient voltage suppression thyristors are manu- 
factured by Teccor under the catalog numbers P1300EB, 
P0602AB and P2702AB. The other elements in the system 
(for example, the high energy foldback device 10) are the 
same for FIGS. 1 and 2. 

It will be apparent to those skilled in tbe art that various 
modifications and variations can be made in the system of 
the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this 
invention provided they come within the scope of the 
appended claims and their equivalents. 

What is claimed: 

1. A system for protecting telecommunications equipment 
from a transient voltage comprising: 

a high-energy foldback device for voltage transients 
between current-carrying telephone lines and ground, 
said high-energy foldback device positioned between 
said current-carrying lines and ground; 
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a voltage clamping device for voltage transients between 
said current-carrying lines, said voltage clamping 
device positioned between the current-carrying lines; 

a foldback device for voltage transients between said 
5 current-carrying lines and ground, said foldback device 
positioned between the current-carrying lines and 
ground; 

a first overcurrent protection device for current faults on 
said current-carrying lines and ground, said first over- 
current protection device connected in series with said 
10 foldback device; and 

a second overcurrent protection device for current faults 
on said current-carrying lines, said second overcurrent 
protection device serially connected between said high- 
energy foldback device and said serially connected 
15 foldback device and first overcurrent protection device. 

2. A system as claimed in claim 1, wherein said voltage 
clamping device is an avalanche diode. 

3. A system as claimed in claim 2, wherein said break- 
down voltage of the avalanche diode is in the range from 
33V to 250V. 

20 4. A system as claimed in claim 1, wherein said foldback 
device is a transient voltage suppression thyristor. 

5. A system as claimed in claim 1, wherein said first 
overcurrent protection device is a PTC device. 

6. A system as claimed in claim 1, wherein said second 
25 overcurrent protection device is a PTC device. 

7. A system as claimed in claim 1, wherein said high- 
energy foldback device is a gas discharge tube. 

8. An electrical circuit comprising: 
telecommunications equipment comprising current- 

30 carrying telephone lines and ground; 

an arrangement for protecting the electrical circuit from 
voltage transients, said arrangement comprising: 

(1) a voltage clamping means for voltage transients 
between said current-carrying lines, said voltage 

35 clamping means positioned between said current- 

carrying lines; 

(2) a foldback means for voltage transients between 
said current-carrying lines and ground, said foldback 
means positioned between the current-carrying lines 
and ground; 

40 (3) a first overcurrent protection means for current 
faults on said current-carrying lines and ground, said 
first overcurrent protection means connected in 
series with said foldback means; 
(4) a second overcurrent protection means for current 

45 faults on said current-carrying lines, said second 

overcurrent protection means serially connected 
between a high-energy foldback means and said 
serially connected foldback means and first overcur- 
rent protection means; and 

50 (5) said high-energy foldback means for voltage tran- 
sients between said current-carrying lines and 
ground, said high-energy foldback means positioned 
between said current-carrying lines and ground. 

9. A circuit as claimed in claim 8, wherein said voltage 
S5 clamping means is an avalanche diode. 

10. A circuit as claimed in claim 9, wherein said break- 
down voltage of the avalanche diode is in the range from 
33V to 250V. 

11. A circuit as claimed in claim 8, wherein said foldback 
means is a transient voltage suppression thyristor. 

60 12. A circuit as claimed in claim 8, wherein said first 
overcurrent protection means is a PTC device. 

13. A circuit as claimed in claim 8, wherein said second 
overcurrent protection means is a PTC device. 

14. A circuit as claimed in claim 8, wherein said high- 
65 energy foldback means is a gas discharge tube. 
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